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a coipQift* 

tioQ orasmsed under the laws of the State of 
New United States of America^ of 150 
East 42fld Street New York, New York 
10017, Umted States of Amfirica, do hereby 
declare the inv^tion, fox wbich we pray that 
a patent may be granted to m, and the method 
by wfaicb it is to be peifoimfid, to be partico- 
larly deicribed in and by the following nate^ 



Thi» inrendon relaica to estcrt of ttyxBC 
maleic anhydride coptrfymers and to Hqald 
hydrocArboo composMona concamiDg tbtm toA 
to a method of prepaiation of ibc eaten. 

Varlow matenatt have been nropoicd in 
the pa» a« flmdity improvers m liqdd hydro- 
earbons. For example U.S. Faient No. 
2»977394 detcribey the use of certain cthyleoe/ 
nuldc (udndride copolynier dorivativei as pour 
point modifiers. The derivatim are, however, 
difficult to prepare hm the cgpdymerv. The 
crooesB invohry conversion of a ludf«ester or 
half-amide, followed by reaction of tlx remain- 
iQg carbor^l or anhydride group$ or of the 
ester or aoude croups* Obvioutlyi this requiics 
d conftiderflble expendicuit of time And mon^- 

US. Patent No. 2,978^95 deacribes the 
use of tftycene/uttsaturated ester oopdymen as 
pour point depressants. These copolymers are 
produced by exposing the iwccams co zBdla- 
tion. This method Is not very attractive be- 
cause <d limited radiochemka) ccoveniDns and 
the general jnduetrial preference for chemi- 
calpolymerinCLOD methods. 

Thes^ and various oUier addidves too» have 
also been unsadsfactory when ih» hydro^ 
carbons to be treated bofl ovier a substantiaUy 
wide range. Furtheimore, some fluidity im- 
provers have proved effective in certain types 
of oil, while edibidng more limited improve- 
ment in other types. Mme specifically, it 
would be very desuBbie to employ a fluldhy 
improver in liquid hydrocarbons which boll, 



for esample, within the range 75^ to 100a°F. 
and which axe also ettecdve in vniou types of 
oils such as crude or petroteum residual qQs. 

Ve have now discovered a dsss of materials 
wfaicb are enxttnely effecctvt u pour pomt 
depressants and wfaicb can be eaaly prepared. 
These satcriab are the efPETB of styrene 
maleic anhydride copolymers ^!^iLcb comaia 
more than 20 carbon atoima in the alfcyi por- 
tion. They axe used {n relatively amaU amouma 
in the hydmarfoon compodtioQS and yet pro- 
duce a sstisf annry iniiaovemaBt in mddny. 

In wfynrdnnrc with the inventicot, tbcae 
estea can be etfectivdy anployed in fbo liquid 
hydrocarbon compomoDS as pour point de- 
prcasants and fluidity imprtivets in an amount 
ton about .001 per cat to tbvai 1 per cent« 
and preferably nttm about .01 per cent to 
about OJ per cent, by welg^ of the tool 
wei^ of the liquid fay'dFocarbon eon^KMntion. 
Fftferred esters are those irtiit^ have from 
20 to 24 carbon atoms In the elfcyl jponim. 

The esters are produced by cajxilymerizing 
fttpne and maleic anfaydcide and then esteri- 
f^g ihe resultant copolymer with a aanmted 
uiphfttic alcohd hiving at least 20 carbon 
atoms in the motecule. 

The liquid hydrocarbons improved in ac- 
cordanoe with the present invention may com- 
pritt any hydrocarbons in wbidi fluidity im- 
proyemot Is dedrafale;. A Eeld of ipedfic 
appiicafailriyi in aocotdaooe wrdi tl« proent 
invennoni ia in the im^ovement of Uquid 
hydrocarbotts baling at a temperature from 
about 75«F. to about lOOO^P. Of particular 
importance is the treatmoit d! petroleum dis- 
tillate oils which have pour and flow points 
above 75°F. and which boil as high as 75o«F. 
or even higher. It should be noted* in this 
re^ec^ that the term "disdlUte oils" is not 
intended to be restricced to ttraight«iun dls- 
TiUate fiactioos. The disdlktc oils can be 
straight-run distiUste, cataiydcaUy or thenn- 
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ally cmdbed fmdudiDg hydrocracted distiUatt 
oili) or minuret <if suai^wnin distillate oib 
Bnd n^bdia«> whfa oraOsed di^tOlate stoda. 
Mimver, mch oib cm be treated In accordr 
ance with well known auomecdal mechods, 
sodi as ftcsd or caiudc trcaonen^ bydrogena- 
don. soHenT refii^tg and day ntatmem. 

Tht dtsdilm oOs are chmcxemed by Their 
reladveV Jew ^Ucodw and |w ur polD f, TJm 

eicipal pm^crty wnich cbsrsct^izas cbese 
roevbos^ however, i« ihcir dwtaiaticn 
range. Ae hertmbcfore indicated, thia xangie 
wiirweferaWy lie between abottt 75^F. and 
aboqt 750^R Obviously, the distiBatiDn rai^e 
of cad) fodividual oil win cover a jtBRom 
boiilng range falling, neveittelfiw, whhin the 
above meniioiied limicsw Ubewlae, each vS\ 
will boil flubsnntiaUy ami comsuioufily 
tbtongihout So disifllation range. 

As here^diefbre indlcsnd, tlie li^ 
carbon compositiona improved m fluidity 
duiraoeristica through the use of the escer 
cAjp oty ua u g of the oteseni invention have bmd 
appUmbflity to liquid bydrocaifaon compod* 
nons in the fonn of crude oils or petRdeum 
residuid oik. Tha$, the flutdi^ charactedatici 
of very high wav-cosunloing pecroleum retidua) 
oil^ sich Bs the reddttum or North Aincan 
crude oil> deagnated a« 2dtent or similar 
petroleum oilt which boil above 6Si3^¥. and 
have pottr points above 75®F. have taoad 
applicability. Another specific ij^c of crwk 
oil m whidi the present inventum fllfio has 
broad applicability i» ths Amal cnide»« 

Afr peevioosW deicribed, the novel fluidity 
improvert of wc piesenc invention comprise 
esters of styrenfi maleic anhydride copolymera 
having at least 20 carbon stimis In the aQcyl 
portion. la general, die polymerJzadon re- 
action lor producing the sbove-detcril^ cch 
polymers is carried out at a temperature from 
about 50^C to about 250<^Q and mfetably 
from about lOO^C to about 200oC, in the 
presence of an orsaoic peioidde citalym» lor 
45 essmpl^ teazoyl peroxide ot dittrtiaty butyl 
peroxide* m an amount sufficient to permit 
polymensatien to take place. SmoU amoonta 
of the caulyst are usuiuly sufficteni &r sud) 
purpoaei for esaniple^ amooniy firam about 
50 04 ptsrcem to about 10 percent, by weighty ^ 
the polymerisation nuztint. In preparing the 
ester copolymer, 1 mole o! styrene and 1 
mole of ualdc anhydride are subjected to 
Thereafter, to the reaction 
55 nsomire are added 1 or 2 mofea of a satur- 
ated straight-chain alcohol having a minimum 
of 20 oarbon atoms, wMch in the peaence of 
on acid catalyst mU resqh in estenflcation <4 
the copolymer* 

The following data and examples will serve 
to iilustmte the preparanon of the novd ener 
copolymer? of me present invention and their 
emcacy ht improving the fluidity charao- 
terisuca of liquid hydrocarbon composttloiis. 
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Preparation of dibeb«yl (didocosonyl) cswr 
of styrene tnaleie anhydride copolymer. 

25 grams <0.25 mole) of snrese. 243 
grams ((\J25 mole) maleic anhydride, 0 J gram 

of bajzoyl pcrwrfde and 200 grams of xylene 70 
as ft diluent were stirred to a temperatun^ or 
about 135^C over a period of four hours. 165 
grams ((^S mole) of commercial erade bchcnyl 
•tcohol and 7 gnuus of paraioluene aulfomc 
add were then added to the reacdon mixture^ 75 
and the resulting mixture was stir^djwth 
fluxing to a temperature of about 200^C. The 
resultmg woduct was found to comprise a di- 
beheoyl (didocosanyl) ester of siyreoe malcic 
aidiydride copolymer. »> 

ESAM?LB 2 

Prepflration of dieieosanyl cater of styzene 
oukic anhydride copdymer. 

26 grama ((^jtS mole) of atyreoe, 24.5 grama 
(0.25 mole) of raafcic anhydride, 0,5 ^mi «5 
of ben^^yl peroiddc and 200 grama of xylene 

as a diluent were sn'nvd to 0 temperature of 
about 115^C over a period of about four 
hows* 150 groms <0J mole) of commercial 
grade l-dcosanol and 6 grams of jwatoluene W 
sulfonic acid were added to the reacdcn mis- 
Toie, and the resulting mixture tvas stirred wim 
refloxing to a temperatme of about 220°C 
The resulting product was foimd to oompTOC 
a didcossxiyl ester of styrene maleic anhydride 05 
copolymer. 

EXAMP13 3 

PrepaiotioB of diteirscosany! ester of styrene 
maleic anhydride oopolymer- 
13 grams /0.125 mole) of aryrene, 12^ 100 
grams (0.125 mole) of itiaidc anhydride, 0.25 
gram of benzoyl peroxide and 100 granos of 
xylene as a dUuent were stirred to a tempera- 
Ture of about 100°C over a period of about 
two hours. S6 gfams ^.25 mole) of com- 105 
roerdal grede l-tetiaeosanol and 5 grams f>f 
parawluene sulfonic acid were adtjed to 
resulting reaction mixture &2>d stirred with 
itfiuxing to a Ofmperawre of about 215^C 
'fhe fesoliing produn was found vo otnnpnae 110 
a dftetrecoKflnyl ester of styrene malete cn- 
bydride copolymer, 

HXAMFLE 4 

Preparatian of monobcheayl es&er of stymie 

maleic anhydride copolyraer. 115 
26 grams ^0-25 mde) ot styrene, 24.5 grams 
(0^ mole)*of maleic anfaydtide, 0,5 gram 
of benzoyl peroxide and 200 grama of toUiene 
as a diluent v^trt stirred to a temperature 
of about lOO^C over a period of about three 120 
boursw S3 grams (02S mok) of onumercial 
grade behonyl alcohol and 5 grams of psra^ 
toluene sulfonic add were added to the result- 
ing reaction mixture and stirred with re- 
fluxing to a temperacun: of about 205^C The 125 
resuHSu; product was found to compise a 
monote£eayl escer of styrene maldc anhydride 
copoiymer* 

The individual ener copol^ers prmtuoed 
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in Accfixdaoce with cbe foregoing esamples 1 
10 4 wert next hlfcded imo an Amal erode 
dl and fiubiectul to & scries of tests for de^- 
minin; xbsir efficacy as fluidity improvers. The 

5 Amal crtide oil comprised a lugjbly (nraffimc, 
low sutfur> high ttpbaltene comenc 
craw oil from Li>m in Afnci, Tha nme xem 
wvre also anpljed whih resp^ to an Anrol 
residual fuel oil for detenninlng the efficacy 

10 of tbe present esta copolymen u fluMi^ 
improvers. 

The ester copolrniers of examples t to 4^ 



29 It wiU be appaxent ffom the data eet fordi 
in the forueoing Table I that the eoer co- 
poiymers of die present invention aie highly 
eSeccive aa fiuldi^ improvers k liquid hydn>- 
carbona. As will be undesitood, results will 

50 vary with respect to xhe spectliG ester c^ly- 
mers employed. In order to aooomplisb any 
given impfOTcnentf many of the afbr&- 
mentioned ester oopolymesv can be emptoyod 
in very small amounts. Others can be effeo- 

39 livdy employed at the aloicmentioned piic- 
tical coBcentniions of from about .01 to 
^out 0*5 per cent, by weighi; of the liqdd 
hydrocarbon composldon. 

For purposes of comparison io demon- 

40 fiirating il» aforementionfid cridcaltty <]f the 
chain length of the eater employ for the 
preparation of tbe e^ copolymen of die 
present invention whkh contain at kan 20 



3 

as hereinbefote desctibed and ha;ving a njini- 
mum of 20 cazboi Atoms in the respective 
alkyl poniomL were subjected to test noethod 15 
ASTM Test No. 0—97 for detenninaticm of 
respective pour points. This test was applied 
agaiosi the uninhibited as well as aga^ 
samples of die same oil cnntaining tbe in- 
dicated coDoentradons of the respective ester 20 
copolymets produced in accofdance with the 
for^oisg examples 1 xo 4. The xttults ob- 
tained are shown in the following Tsble L 
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carbon atoms in the alkyl porticflb die di-1** 
octadecyl ester of mmt maleie anhydride 45 
copdymv was iadividoally bknded in indivi- 
dual sampiea of the afoxasentioned Amal 
crude and residual oils, and ateo subjected 
to the aforanendoned ASTM D^7 pour 
test and compared against the uqhlhited oil. 50 
It was found dioi no significant impropvcment 
in poor point was realized. From the fote- 
^oiog, it w31 be apparent that no significant 
improvement in mndity characteristici as 
denioostrated by the respective poor pinnt data 55 
is achieved by employing ester sc^nene maleic 
anhydride copolymers vndA contain less than 
20 carbon atoms in the r eapeeti v e aScyl por- 
dons. 

To ftmbei demonstrate the ^3eacy of the 60 
novel ester copolymm of the prcseat b- 
vendon as fiuidity Improvers in liquid hydro- 



Taku I 
ASTM Poor Test Resuhs 
(ASTM Test No. D-97) 
Cone, 



Uninhibited mde oil 0, 

» » » +&sample 1 0.06 

» w, » -l-Esan^le 2 0.06 

Uninhibited crude oil 0« 

i> » n +Baainple 3 0.06 

» » n -l-Example 4 0,10 

Unfadubited residual ml 0. 

» » n +6nmple 1 0,10 

u n » +Bnmple 2 O.IO 

„ „ HEsample 5 0.10 

n M » H-£Kample 4 0.50 
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caibons, the Jftdividual ester coptAymm weie 
next blended inxo on Amat crude oil of the 
type taereiabefoic described, and sabjecced to 
a (srici of teats for detennffuitloii of ftuidity 
chfiiacierivtici by an evaluatEon of cuutvit 
shear ma p4 xar^) « 40op. Thi» «st 
Involves the w of a renantl-'Sblri^ visc^ 
meter in wKch the cane is ttt oa a P^^f^ 
Bchcfkfly dose to make electrical comaCT. The 



cone is rotated at a preset speed of 5 RJP.M., 
and the torque required to naaintadi this speed 
is recorded n$ a (unoian of time. This test 
was applied against the unSnhlhlted as well as 
against sampiei o| the bbzhc oU containing the 
ityUcared conoentrationa of the respective ester 
copaijmers produced in acconlonce with the 
forcfioing eiamplcs 1 to 4. The lesptat ob- 
tained ore shown in the foltowing Table u. 



Tablb ZI 

Conatam Shear Rate (M aeca* Test 
Evaluatioii at 40"^^ of Addttim Blended in Anal Grade CHI 



Addidve 



Peak Shear Af^ 
Cona Stress ^J^J^ , 
% Wt (Pync»/cro=) Shear (Pa»e) 



Uninhibited crude oil 




0.00 


7530 


9.1 


*» 


)> » 


-rEt 1 


0,06 


612 


3.2 








0,00 


3050 


8»3 


» 


u n 


f&L 2 


0.06 


738 


4.4 


Uninhibited cared oB 




0.00 


3480 


8.3 




l> M 




0.06 


663 


4.5 


S9 


» 99 


+Es. 4 


0.06 


1823 


7.7 
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20 It wOl be apparent from the dan set forth 
in the feregoiog Table II that the ester co- 
pofymer? die present inventioii are highly 
elf ecdve as fluidity improvers in liquid hydro- 
carbou on the bsah ot cesuiam shear rate 

35 evaluations. 

For purposes of comparison in dcmonstrat' 
ing the afbrementioBed criticali^ of the diain 
leogdi 0S the ester employed for the prepara- 
tion of the ester copotymers of the ptescnt 

30 invcndon which contain oc lean 20 carbon 
azamB in the alkyl portion, the di-l-octadcQrl 
ester of styrene maleic anhydride ci)polymer 
Tvas indhiduaUy blended in another sample 
of the aforsmenticaied Amal crude <ui, and 

3S also su^fcted xo the aforemendoned eanstaat 
shear rate test and compared against the 
uninhihitBd oil It was fonnd that no u^nificant 
improvemmt in fluidity chacacteristicB was 
rtoliml, Frau de foregoing it wfll be sp- 

40 parent that no aienf^ositt improvement in 
duidity ehancteristlca as demonsmtEd by die 
respecdva caonast shear rate evahiatioos ta 
achieved by employing ester styrene maSdc 
ax^ydride copolymers ^tch contain less than 

45 20 corbon atoms in the respecdve dSkyi pot- 
lions. 



WHAT WE CLAIM IS:— 

1 An esKT of a styrtne maleic anqydnoe 
copolymer which contaios «t Icflst 20 carbon 
atoms in d» alfcyl pardon. 

2. An ester aocwding n> daun 1 m wMh 
the aH^ pmtion of the ss&er contains from 
20 to 24 carbon atmns. 

3. An ester according to daim 1 in whidi 
die aOcyl pordop of the ester is a didcosanyL 
mottodoeosanyl, didocosanyl or ditetmcosanyl 
group. 

4. An ester substantially as herdn described 
\rith refacooe lo ony of the Examples. 

5. A mediod of making an ester of a 
styrene mxicic snhydride copolymei; wldds 
comprises copolyinttiKiBg styn&e and mateic 
snhydride and Aen ejufifying the ctqpolymer 
widi a aaturmed ali^tic alcoboi containing 
at least 20 carbon atoms. 

6. A method according to dsim 5 in which 
dte alcoh^ caniatns frwzi 20 to 24 carbon 
atoms, 

7. A mediod according to daim 5 or 6 in 
whtdi the polyraeriaation is carried out at 
» ierap«atttre of ftum 50' to 250«C 

8. A method of making an ester of a 
styrene makic anhydride copolymer, substan- 
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tJaUy as hetrio desaibed with feferance to 
any of the examplea, 

9. A liquid hydrocaiboa compositioo whidk 
comprises a liquid hydiocadnm and 
of ft styrene maleic tohydride copolyioer con- 
tatning at lean 20 cubon atoms in the tlkyl 
portfon. 

10* A composition aoconling to daun 9 
which amtaifls from 0.001 to 1 pcrce&t by 
weight of the eser. 

11. A compoutioo aocordtng to datm 10 
which containa frtmi 0.01 to 0.5 pereeat by 
weight of the eitcr. 

12. A conmodtion aocofding to any of 
dajims 9 to II in which the ollfyl poitiaii ci 
the ester contaitu from 20 to 2^ carbon ammi. 

13. A composition aocording to any of 



claims 9 to U in which the iiqoid hydrocarbon 
lias a boilhig laoge fmn 75^ to lOOO^F. 

14. A composition cccotding to any of 
claims 9 to 13 in which the liquid faydrocazb<m 
ia a erode «1 or a petroleum resfdoal oil. 

U. A liquid l^dcocaibQQ compoiition ao- 
cotding CD any of daima 9 to 14 ctmtainiog 
a cppolymet proceed tuhstantiaUy u heiem 
de^oibed wi^ reference to any of the Ez- 
amplea. 

For dtt AppUcams: 
CASPMAHLS & RANSFORD, 
Chanood Patent Agents; 
24, Southampton Bdfdmga^ 
Chanoery LanCi 
London, 
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